Histochemical methods offer the advantage, in the study of vitamin deficiency states, that a considerable amount of information can be obtained from each animal. The amount of tissue required for the demonstration of any one enzyme is small; thus the number of enzymes that can be examined is virtually unlimited.
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Hume, Pickersgill & Gaffikin (1932) and the results were calculated as percentage ash in the dry fat-free bone.
The initial study was made on rats maintained for 4 weeks on the rachitogenic diet. Later studies were made on animals maintained for 4, 5 , and 7 weeks on the diet.
Preparation of tissues
After the animals had been stunned, the thorax was opened and the large vessels were severed. Tissues were placed on metal chucks previously cooled with solid carbon dioxide and transferred to a cryostat maintained at -27". Sections were cut at 10 p m with the cryostat and collected on coverslips.
Tissues were taken from one normal and one deficient animal each day. 'The pairs of animals were always litter-mates and were taken in random order. They were not identified as normal or deficient until all comparisons had been completed.
The first cm of the intestine is referred to as duodenum. A specimen taken about 8 cm from the pylorus is referred to as jejunum; here Brunner's glands are absent.
Histochemical methods
Alkaline phosphatase was demonstrated by the calcium-cobalt method of Gomori (Pearse, 1960, p. 868) without prior fixation. Duodenum, jejunum and kidney were incubated for 2 and 5 min at room temperature, ileum, colon, liver and parathyroid for 45 min at 37". Acid phosphatase was demonstrated by the lead-nitrate method of Gomori (Pearse, 1960, p. 881) with prior fixation in acetone at 0-4" and fixation in 4% (v/v) formaldehyde immediately after incubation. Duodenum, jejunum, kidney, liver, pancreas and parathyroid were incubated for 20 and 40 min at room temperature, ileum and colon for 30 min at 37".
Glucose-6-phosphatase was demonstrated by the lead method of Wachstein & Meisel (Pearse, 1960, p. 880) with no prior fixation. All tissues were incubated for 10 and 20 min at room temperature. Lactate dehydrogenase was demonstrated by the method of Hess, Scarpelli & Pearse (Pearse, 1960, p. 912) . All tissues were incubated for 30 min at 37".
Leucine aminopeptidase was demonstrated by the method of Nachlas, Crawford & Seligman (Pearse, 1960, p. 913) . Duodenum, jejunum and kidney were incubated for 15 rnin at 37", parathyroid, pancreas and liver for 45 min at 37".
Lipases were demonstrated by the Tween method of Gomori (Pearse, 1960, p. 888) with prior fixation in 4% (v/v) formaldehyde. Liver was incubated for I $ h and all other tissues for 4 h at 37".
Histochemical scoring
Pairs of sections were examined with a Greichert bridge comparator and scored as below:
i 2 normal much greater activity than deficient, o no difference in activity,
normal greater activity than deficient, deficient greater activity than normal, deficient much greater activity than normal.
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RESULTS

Wezght inoeases and bone changes
The rats receiving vitamin D showed some superiority in weekly weight gains over 4, 5 and 7 weeks. The differences as shown in Table I were significant (P < 0-01) in all groups. These differences may have been partly due to the fact that by using Adexolin as a source of vitamin D a weekly dose of 60 i.u. vitamin A was given in excess of the provitamin A present in the yellow maize which formed most of the diet.
The preliminary line tests showed great differences in calcification in the bones of the rats with and without vitamin D. Subsequent line tests on bones that had been frozen for up to 3 months showed similar patterns of calcification. The differences in calcification were confirmed by the results of bone ash determinations ( Table I ). The differences in percentage of bone ash between animals with and without vitamin D were significant (P < 0.01) after 4, 5 and 7 weeks on the rachitogenic diet.
In the rats maintained for 7 weeks on the rachitogenic diet there was slight greying of the black hair of the hood and around the eyes. This was suggestive of pantothenic acid deficiency (Blunt, Cheesman & Copping, 1957) and occurred in rats given or not given vitamin D. It was probable that the maize and gluten diet was not adequate in vitamins of the B complex, but no supplements were given as we did not want to alter the conditions of the test at this stage. 
Histochical changes
The means of the histochemical scores and their standard errors are given in Table 2 .
In the gut we examined the epithelium lining the mucosa and the mucosal glands. Colon mucosa showed no activity of the enzymes studied and ileum only pseudolipase. These two tissues were examined in the initial 4-week deprivation study only. In duodenum, lactate dehydrogenase was significantly (P < 0-05) higher in the deficient rat after 4 weeks' deprivation. There were no other differences. In the jejunum the phosphatases showed marked changes. After 4 and 7 weeks' deprivation, both alkaline (2' < 0.05) and acid (P < 0.01) phosphatase levels were lowered in the deficient rat. The amount of glucose-6-phosphatase appeared to decrease 
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In the pancreas only the acini were compared. True lipase decreased ( P c 0.05) in the deprived rat after 4 weeks.
In the liver parenchyma, the content of acid phosphatase was raised in the deficient ( P < 0.05) at 4 weeks but fell below the normal at 5 weeks ( P < o-o~), and at 7 weeks the difference had disappeared. Glucose-6-phosphatase had decreased after 5 weeks deprivation (P < 0.05) and at 7 weeks was still almost significantly lower (0.05 < P < 0-1). The content of pseudolipase appeared to be higher in the deficient animals, but the difference only reached significance after 7 weeks ( P < 0.05).
In the kidney cortex, with the incubation times used, phosphatases appeared only in the proximal tubules. The decrease in level of all phosphatases was marked, with the exception of that of alkaline phosphatase at 4 weeks, which failed to reach significance.
In the parathyroid, the content of leucine aminopeptidase rose in the deficient animal ( P < 0.01) in all series.
D I S C U S S I O N
The most striking histochemical change observed in these experiments was the rise in leucine aminopeptidase activity in the parathyroids of the deprived rats. Although it has been shown that the substrate is hydrolysed by peptidases other than leucine aminopeptidase (SylvCn & Bois, 1962) , it seems certain that the rise in enzyme activity can be equated with increased parathyroid activity. This was suggested by Pearse & Tremblay (1958) , who demonstrated a depression of leucine aminopeptidase activity in rat parathyroids after large doses of dihydrotachysterol, and a rise in leucine aminopeptidase activity after 3 weeks on a vitamin D-free, low-calcium, highphosphorus diet ; comparison in both treatments was with rats of the same weight that had been maintained on a normal diet. In our experiments all the animals were on a high-calcium, low-phosphorus diet and therefore the rise in leucine aminopeptidase activity can only be attributed to the lack of vitamin D, either acting directly on the parathyroid or indirectly through changes in the plasma calcium. This rise was restricted to the parathyroid; of the other tissues examined, none showed any change in leucine aminopeptidase activity. After 7 weeks' deprivation there was some indication that lactate dehydrogenase might have been increasing in the parathyroids of the deprived rats, but there were no changes earlier than this.
Of the two segments of gut examined, the jejunum appeared to be more sensitive to lack of vitamin D than the duodenum. This was expected since the jejunum is believed to be the main absorptive area and the site at which calcium and phosphate are transported against a concentration gradient (Harrison & Harrison, 1960 , 1961 . The significance of the higher lactate dehydrogenase activity in the duodenum of the deprived rats at 4 weeks is at present difficult to explain. Since the difference between the pairs of animals appeared to diminish as the deficiency progressed, it may be of interest to examine duodenal dehydrogenase at earlier stages of deprivation.
The decline in jejunal phosphatase activity in the vitamin D-deficient rats W~S of a similar pattern to the decline in that of kidney phosphatases. Morton (1953) has ELISABETII M. CHEESMAN AND OTHERS
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shown that acid and alkaline phosphatases catalyse not only the hydrolysis of orthophosphomonoesters and phosphoamides but also the transfer of phosphate from these substrates to glucose, glucose-6-phosphate always being the product. It was suggested by Gutman & Yu (19 jo) that alkaline phosphatase acts as a transferase in the calcification of cartilage. It is suggested that some transferase system incorporating all three phosphatases is involved in the transport of calcium and phosphate in both kidney and jejunum, particularly since phosphate esters are known to chelate calcium (Neuman & Neuman, 1958) , and since Harrison &Harrison (1961) have shown that there is a relationship between calcium and phosphate absorption in the isolated jejunum.
The pattern of enzyme changes in the liver alters with the duration of deprivation. It will be necessary to study changes earlier in deficiency before coming to any conclusion. T h e liver is known (Kodicek, 1956 ) to metabolize vitamin D, and the important role of the liver in digestion, absorption and metabolism makes it probable that it is affected by vitamin deficiency.
Pancreatic lipase, which showed a decrease after 4 weeks' deprivation but not after
